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Experimental 

Crystal data 

C6H7ClN*-BF4"-Ci2H2406 

M, = 479.70 
Orthorhombic, Pnma 
a = 15.619 (3) A 
b = 11.374 (2) A 
c = 12.956 (3) A 

Data collection 

Rigaku Mercury2 CCD 

diffractometer 
Absorption correction: multi-scan 

(CrystalClean Rigaku, 2005) 

= 0.910, r„„^ = 1.000 

Refinement 

R[F^ > 2a(F^)] = 0.068 

wR{F^) = 0.176 

5 = 1.04 

2772 reflections 



V = 2301.6 (8) A^ 
Z = 4 

Mo Ka radiation 
jLt = 0.23 mm^' 
r = 298 K 

0.10 X 0.03 X 0.03 mm 



22855 measured reflections 
2772 independent reflections 
1466 reflections with / > 2tT(/) 
Ri„, = 0.112 



155 parameters 

H-atom parameters constrained 
Ap„ax = 0.24 e A"' 
Ap„i„ = -0.26 e A"' 



In the title compound, C6H7C1N^ BF4 €12112406, the 
complete cation is generated by crystallographic mirror 
symmetry, with two C atoms and the N and CI atoms lying 
on the mirror plane. The complete crown ether is also 
generated by mirror symmetry, as is the anion (in which the B 
and two F atoms he on the mirror plane). The group of 

the cation inserts into the crown-ether ring and forms 
bifurcated N— H- ■ (0,0) hydrogen bonds. The H atoms of 
the -NH3^ group were modelled as disordered across the 
mirror plane. 

Related literature 

For the ferroelectric properties of related compounds, see: Fu 
et al. (2011) 



CI 




Table 1 



Hydrogen-bond 


geometry (A, °). 








D-IA-A 


D-H 


H- ■ A 


D-A 


D-U-A 


N1-HM-02 


0.89 


2.12 


2.897 (3) 


146 


N1-H1/1-03 


0.89 


2.24 


2.927 (3) 


134 


N1-H1B-03' 


0.89 


2.25 


2.927 (3) 


133 


N1-H1B-04 


0.89 


2.10 


2.891 (4) 


147 


Nl-HlC-Ol 


0.89 


2.21 


2.865 (4) 


130 


N1-H1C-02' 


0.89 


2.10 


2.897 (3) 


148 



Symmetry code: (i) x, —y -t- ^, z. 



Data collection: CrystalClear (Rigaku, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

This work was supported by a start-up grant from Southeast 
University, China. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HB6580). 
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4-Chloroariiliriium tetrafluoroborate 18-crown-6 clathrate 
Jie Xu and Min-Min Zhao 

Comment 

With the purpose of obtaining phase transition crystals of amino compounds, various amines have been studied and we 
have elaborated a series of new materials with this organic molecules (Fu et al. 201 1). In this study, we describe the 
crystal structure of the title compound. 

The asymmetric unit is composed of one organic cation, one BF4" anion and one crovm ether (Fig.l). The 4-chloro- 
anilium cation and macrocyclic ether mlecule are associated vis hydrogen bonding with the -NH3* group forming 
bifiircated bonds with all six O atoms of 1 8-crown-6 molecule. Despite the disorder in the amino group, it is clear that in 
each orientation the cation forms three bifurcated hydrogen bonds. These H-bonding interactions link the cation and 18- 
crown-6 ether molecule into a 1:1 complex, [(C6H7ClN).(18-rown-6)]^ (Table 1 and Fig.2). 

Experimental 

18-Crown-6 (3 mmol), HBF4 (5 mmol) and the organic amine (3 mmol) were dissolved in water/EtOH (1:1 v/v) solution. 
The solvent was slowly evaporated in air affording colourless block-shaped crystals of the title compound. 

The dielectric constant of title compound as a function of temperature indicates that the permittivity is basically 
temperature-independent, suggesting that this compoimd should be not a real ferroelectrics or there may be no distinct 
phase transition occurred within the measured temperature range. Similarly, below the melting point (405 K) of the 
compound, the dielectric constant as a function of temperature also goes smoothly, and there is no dielectric anomaly 
observed (dielectric constant ranging from 4.1 to 8.1). 

Refinement 

All H atoms attached to C atoms were fixed geometrically and treated as riding with C-H = 0.93 A (Caromatic) or 0.97 A 
(Cmethylene). 

The positional parameters of the H atoms (Nl) were intially refined freely, subsequently restrained using a distance of 
N-H = 0.89 (2) A, and in the final refinements treated in riding motion of their parent nitrogen atom with 
f/aH)=1.5C/,,(N). 

Computing details 

Data collection: CrystalClear (Rigaku, 2005); cell refinement: CrystalClear (Rigaku, 2005); data reduction: CrystalClear 
(Rigaku, 2005); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

A view of the title compound with displacement ellipsoids drawn at the 30% probability level. H atoms have been 
omitted for clarity. 




Figure 2 

The crystal packing of the title compound, showing the H-bonding interactions. H atoms not involved in hydrogen 
bonding (dashed line) have been omitted for clarity. 

4-Chloroanilinium tetrafluoroborate 1 ,4,7,1 0,1 3,1 6-hexaoxacyclooctadecane 

Crystal data 

C6H7CIN+ BF4 ■C12H24O6 Orthorhombic, Pnma 

M,. = 479.70 Hall symbol: -P 2ac 2n 
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a = 15.619(3) A 
Z)= 11.374(2) A 
c= 12.956 (3) A 
K= 2301.6 (8) A3 

Z=4 

i^(000) = 1008 
£»x= 1.384 Mgm-3 

Data collection 

Rigaku Mercury2 CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 13.6612 pixels mm"' 
CCD profile fitting scans 
Absorption correction: multi-scan 

(CrystalClear; Rigaku, 2005) 



= 0.910,7;. 



1.000 



Refinement 

Refinement on 

Least-squares matrix: full 

R[F^ > 2aiF^)] = 0.068 

wi?(7^) = 0.176 

S= 1.04 

2772 reflections 

155 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Mo Ka radiation, 1 = 0.71073 A 

Cell parameters fi'om 2772 reflections 

61=3.1-27.5° 

ju = 0.23 mm"' 

r=298 K 

Block, colorless 

0.10 X 0.03 X 0.03 mm 



22855 measured reflections 
2772 independent reflections 
1466 reflections with 7 > 2a(I) 
7?m.= 0.112 

- 27.5°, 0mia — 3.1° 



h = -20^20 
A: = -14^14 
/ = -16^16 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 

w = l/[r72(F„2) + (0.0645P)2 + 0.87917'] 

where P = (7^o' + 27^c')/3 
(A/(t)„^< 0.001 
Apmax = 0.24 e A-^ 
Apmin = -0.26 e A"3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, 

conventional R- factors R are based on F, with F set to zero for negative F^. The threshold expression of F^ > 2sigma(F^) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F^ are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


Tl *ITJ 

^iso ' ^eq 


Occ. (<1) 


cu 


1.00491 (9) 


0.2500 


0.01849(12) 


0.1019(6) 




04 


0.54013 (18) 


0.2500 


0.1542 (2) 


0.0496 (7) 




02 


0.69794 (13) 


0.04251 (17) 


0.40917 (15) 


0.0561 (6) 




Nl 


0.6932 (2) 


0.2500 


0.2796 (2) 


0.0430 (8) 




HIA 


0.6806 


0.1765 


0.2975 


0.064* 


0.50 


HIB 


0.6495 


0.2811 


0.2451 


0.064* 


0.50 


HlC 


0.7033 


0.2924 


0.3360 


0.064* 


0.50 


01 


0.78267 (19) 


0.2500 


0.4727 (2) 


0.0574 (8) 




03 


0.60482 (13) 


0.03256 (17) 


0.22269 (15) 


0.0518(6) 
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C7 


0.7692 (2) 


A 'I C AA 

0.z500 


A O 1 /I /'? \ 

0.2142 (3) 


A f\ir\n /A\ 

0.0397 (9) 




CD 


U.j2/o yl) 


U.U443 (jj 


0.1o4/ (z) 


A AC C C /0\ 

O.Ojjj (o) 




H5A 


0.4797 


0.0563 


A 1 1 A 

0.2110 


0.067* 




H5B 


0.5173 


-0.0266 


A 1 ""^ ^ 1 

0.1251 


A A^T* 

0.067* 




Co 


(\ OA /in 


0.1449 \i) 


f\ ^ O A A /'^\ 

0. 1 o44 (z) 


A AC? 'J /'0\ 

0.U533 (8) 




H8A 


A TO A'^ 

0.7802 


0.0743 


A A yl O 

0.2048 


0.064* 




C3 


0.6806 (2) 


A A/' A A /IN 

-0.0649 (3) 


A C £:0 /TN 

0.3568 (3) 


A ACOO /A\ 

0.0588 (9) 




1U1 A 

H3A 


0.0/ /o 


A 1 TA 1 

— U.izv 1 


A A f\£if\ 

0.40o0 


A nn 1 * 
0.0 / i^ 




TTI T> 


A C A 

0.7259 


A AO 1 £. 

—0.0816 


A 1 f\nn 

0.3077 


0.071^ 




Co 


0.5358 (2) 


0.1464 (3) 


A AA A A /'^\ 

0.0940 (2) 


A r\c A o /o\ 

0.0548 (8) 




HoA 


0.56 / 1 


0.1386 


A ACOC 

0.0525 


0.066'^ 




H6B 


0.4868 


0.1498 


0.0481 


0.066* 




C4 


0.5972 (2) 


A AC1 /I /T \ 

-0.0534 (3) 


A T A 1 O /1\ 

0.3018 (2) 


A AzTAA /A\ 

0.0600 (9) 




H4A 


A CO 1 1 

0.5813 


A 1 '^OC 

-0.1285 


A T7 1 A 

0.2719 


A ATO ik 

0.072* 






n c con 
0.5529 


A A'5 Ayl 
— (J.U3U4 


A T C A 1 

0.35U1 


A ATO * 
O.U/2^ 




C2 


OJ/bb (2) 


A A /I 1 C /O \ 

0.0415 (3) 


A A r A A /O \ 

0.4644 (3) 


0.0642 (9) 




T A 




0.0441 


0.4164 


A ATT* 

0.077* 




H2r$ 


A TO 1 1 

0. /oil 


A A'3AA 
— U.03U0 


A C(\A O 

0.j045 


A AT?* 
0.0/ /* 




CIO 


0.9133 (3) 


0.2500 


A AA A ^ /O \ 

0.0942 (3) 


A A/'^A /I 'y\ 

0.0620 (13) 




Ci 


Iy5 (z) 


A 1 yl C C /"5\ 

0.1455 (3) 


0.j33j (3) 


A A/^AO / 1 A\ 

U.0698 (10) 




XJ1 T\ 


U. /zo/ 


U.1406 


O.J / /O 


A AOyI * 




111 1 " 

HlJl 


A 0'*)A'3 


A 1 yl 1 O 
0.1412 


A cnnn 
O.J / / / 


A AO/1 at 

0.084* 








A 1 /ICA (X\ 


n 1 lAA 

\J. iZH-'-r yZ. J 






H9A 


0.9020 


0.0743 


0.1042 


0.076* 




F3 


0.02293 (17) 


0.2500 


0.6646 (2) 


0.0761 (8) 




F2 


0.16106(19) 


0.2500 


0.6182 (3) 


0.0941 (10) 




Fl 


0.12000 (15) 


0.1503 (2) 


0.7597 (2) 


0.1066 (8) 




Bl 


0.1052 (3) 


0.2500 


0.7028 (5) 


0.0574 (14) 




Atomic displacement parameters (A^) 










LP' 


JJ23 


CU 


0.0634 (9) 


0.1501 (15) 0.0924(11) 


0.000 


0.0263 (8) 


0.000 


04 


0.0613 (18) 


0.0453 (17) 0.0421 (16) 


0.000 


-0.0095 (13) 


0.000 


02 


0.0553 (13) 


0.0470(13) 0.0660(14) 


0.0079 (10) 


-0.0087(11) 


0.0063 (10) 


Nl 


0.046 (2) 


0.0414(18) 0.0417(18) 


0.000 


-0.0073 (15) 


0.000 


01 


0.068 (2) 


0.063 (2) 0.0418(16) 


0.000 


-0.0087 (14) 


0.000 


03 


0.0574 (13) 


0.0414(11) 0.0567(12) 


-0.0060 (9) 


-0.0027 (10) 


0.0042 (10) 


C7 


0.041 (2) 


0.044 (2) 0.034 (2) 


0.000 


-0.0091 (17) 


0.000 


C5 


0.057 (2) 


0.0509 (19) 0.058 (2) 


-0.0101 (15) 


-0.0079 (15) 


-0.0093 (15) 


C8 


0.062 (2) 


0.0459 (18) 0.0525 (18) 


0.0046 (15) 


0.0009 (16) 


0.0024 (14) 


C3 


0.072 (2) 


0.0397 (18) 0.065 (2) 


0.0078 (15) 


0.0068 (18) 


0.0125 (16) 


C6 


0.061 (2) 


0.056 (2) 0.0470 (17) 


-0.0014 (15) 


-0.0079 (14) 


-0.0113(15) 


C4 


0.071 (2) 


0.0425 (19) 0.067(2) 


-0.0060(15) 


0.0026(18) 


0.0035 (16) 


C2 


0.061 (2) 


0.067 (2) 0.064 (2) 


0.0090 (17) 


-0.0110(17) 


0.0142 (18) 


CIO 


0.044 (3) 


0.098 (4) 0.044 (3) 


0.000 


-0.005 (2) 


0.000 


CI 


0.070 (2) 


0.090(3) 0.0490(19) 


0.0054 (19) 


-0.0131 (17) 


0.017 (2) 


C9 


0.065 (2) 


0.070 (2) 0.0550 (19) 


0.0169(18) 


0.0026 (17) 


-0.0039 (18) 


F3 


0.0625 (18) 


0.0647(18) 0.101 (2) 


0.000 


-0.0047 (15) 


0.000 


F2 


0.075 (2) 


0.102 (2) 0.105 (2) 


0.000 


0.0133 (18) 


0.000 
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1 1 (J.Uyy4 (1 /) 


U.U91/(i/) O.izos (lyj 


f\ f\f\f\ A /I '3\ 

U.UU04 (13) 


— U.Uloj (lj) 


U.U4/y (16) 


Rl 0 049 C^^ 

±J 1. V/.V/T^J7 V,-'/ 


0 043 (^^ 0 080 


0.000 


0 006 n^i 


0.000 


Geometric parameters 


(A, °) 








Cll— CIO 


1.735 (5) 


C3— C4 




1.490 (4) 


04— C6 


1.415 (3) 


C3— H3A 




0.9700 


04— C6' 


1.415 (3) 


C3— H3B 




0.9700 


02— C2 


1.421 (4) 


C6— H6A 




0.9700 


02— C3 


1.424(4) 


C6— H6B 




0.9700 


Nl— C7 


1.457 (5) 


C4— H4A 




0.9700 


Nl— HIA 


0.8900 


C4— H4B 




0.9700 


Nl— HIB 


0.8900 


C2— CI 




1.484 (4) 


Nl— HlC 


0.8900 


C2— H2A 




0.9700 


01— CI' 


1.427 (3) 


C2— H2B 




0.9700 


Ol— CI 


1.427 (3) 


CIO— C9' 




1.376 (4) 


03— C4 


1.422 (3) 


CIO— C9 




1.376 (4) 


03— C5 


1.427 (3) 


CI— HID 




0.9700 


C7— C8 


1.375 (3) 


CI— HIE 




0.9700 


C7— C8' 


1.375 (3) 


C9— H9A 




0.9300 


C5— C6 


1.482 (4) 


F3— Bl 




1.377 (6) 


C5— H5A 


0.9700 


F2— Bl 




1.401 (6) 


C5— H5B 


0.9700 


Fl— Bl 




1.372 (4) 


C8— C9 


1.371 (4) 


Bl— FP 




1.372 (4) 


C8— H8A 


0.9300 








C6— 04— C6' 


112.8 (3) 


C5— C6— H6B 




110.0 


C2— 02— C3 


113.4(2) 


H6A— C6— H6B 




108.4 


C7— Nl— HIA 


109.5 


03— C4— C3 




109.4 (2) 


C7— Nl— HIB 


109.5 


03— C4— H4A 




109.8 


HIA— Nl— HIB 


109.5 


C3— C4— H4A 




109.8 


C7— Nl— HlC 


109.5 


03— C4— H4B 




109.8 


HIA— Nl— HlC 


109.5 


C3— C4— H4B 




109.8 


HIB— Nl— HlC 


109.5 


H4A— C4— H4B 




108.2 


CI'— Ol— CI 


112.8(3) 


02— C2— CI 




108.8 (3) 


C4— 03— C5 


112.0(2) 


02— C2— H2A 




109.9 


C8— C7— C8' 


120.8 (4) 


CI— C2— H2A 




109.9 


C8— C7— Nl 


119.62 (19) 


02— C2— H2B 




109.9 


C8*— C7— Nl 


119.62(19) 


CI— C2— H2B 




109.9 


03— C5— C6 


109.1 (2) 


H2A— C2— H2B 




108.3 


03— C5— H5A 


109.9 


C9'— CIO— C9 




120.3 (4) 


C6— C5— H5A 


109.9 


C9'— CIO— Cll 




119.8 (2) 


03— C5— H5B 


109.9 


C9— CIO— Cll 




119.8(2) 


C6— C5— H5B 


109.9 


Ol— CI— C2 




109.3 (2) 


H5A— C5— H5B 


108.3 


Ol— CI— HID 




109.8 


C9— C8— C7 


119.6 (3) 


C2— CI— HID 




109.8 


C9— C8— H8A 


120.2 


01— CI— HIE 




109.8 


C7— C8— H8A 


120.2 


C2— CI— HIE 




109.8 


02— C3— C4 


108.6 (2) 


HID— CI— HIE 




108.3 


02— C3— H3A 


110.0 


C8— C9— CIO 




119.9 (3) 
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C4 — C3 — H3A 


110.0 




0 r~^f\ TTr\ A 

C8 — C9 — H9A 




120.1 


02 — C3 — H3B 


110.0 




CIO — C9 — H9A 




120.1 


nA p-5 triR 

l_^*t — Lyj — rljD 


linn 




r 1 — ^r>i — r 1 




1 1 1 .J \p) 


H3A— C3— H3B 


108.3 




Fl'— Bl— F3 




110.5 (3) 


04— C6— C5 


108.4 (2) 




Fl— Bl— F3 




110.5 (3) 


04— C6— H6A 


110.0 




Fl'— Bl— F2 




108.4 (3) 


C5— C6— H6A 


110.0 




Fl— Bl— F2 




108.4 (3) 


U4 — L/ 0 — ^riOD 


IIU.U 




X>1 

ri — ^rsi — rz 




iU/.J (4) 


Symmetry code: (1) x, -y+1/2, z. 












Hydrogen-bond geometry (A, °) 
















£) H 












n SQ 

\J,oy 


z. iz 


9 8Q7 ^I'l 




Nl— HU-03 




0.89 


2.24 


2.927 (3) 


134 


Nl— HlS-03' 




0.89 


2.25 


2.927 (3) 


133 


Nl— H15-04 




0.89 


2.10 


2.891 (4) 


147 


Nl— HlC-01 




0.89 


2.21 


2.865 (4) 


130 


Nl— HlC-02' 




0.89 


2.10 


2.897 (3) 


148 



Symmetry code: (i) x, -y+1/2, z. 



Acta Cryst. (2012). E68, o738 



sup-6 



